Cystatin C (CysC) is a marker for estimation of glomerular filtration rate (GFR). CysC 24 levels may depend not only on clearance/GFR but possibly also on changes in production. 25
Introduction
Grubb and Thysell, 1985) and it is used as an alternative marker to creatinine for estimation of 47 GFR. However, plasma concentrations of endogenous filtration markers can be influenced by 48 factors other than GFR (non-GFR determinants), such as changes in production rate, renal 49 tubular reabsorption/secretion and extrarenal elimination. CysC is considered superior to 50 creatinine (predominantly produced in muscle) as a marker for detection of mild renal 51 dysfunction (in the "creatinine-blind" range); moreover, CysC is an interesting biomarker 52 associated with aging, cardiovascular risk, frailty, and overall mortality (Astor, obese patients. The latter may be due not just to differences in renal handling of creatinine and 59
CysC, but also due to differences in tissue origin and production rates of the two compounds. 60
Whereas the muscular origin of creatinine is well documented, the relative contribution of 61 several organs to circulating levels of CysC is unknown and difficult to estimate. Adipose containing FCS (10%), L-glutamine, and penicillin/streptomycin as described above. For the 174 next two days (3-5) the DMEM contained 2% FCS, L-glutamine, penicillin/streptomycin and 175 differentiation mix (1.7 µmol/l insulin, 1 µmol/l dex, 0.5 mmol/l IBMX and 1 µmol/l 176 rosiglitazone). Cells were washed with PBS and kept in serum-free DMEM, containing 1 g/l 177 BSA, glutamine, penicillin/streptomycin, 100 nmol/l dex, and 10 nmol/l insulin for two days 178 (5-7). Cells were washed with PBS prior to culture in serum-free DMEM, containing 1 g/l 179 BSA, glutamine, penicillin/streptomycin for the last four days (7-11). Hormones or 180 corresponding vehicles were directly added to the media, unless indicated otherwise. 181
Supernatants were collected and cells were lysed after 11 days of culture. 182 183
Assessment of 2-deoxyglucose uptake (glucose transport) 184
Cells were grown in multiwell tissue culture dishes (35 mm diameter). Insulin-185 dependent uptake of 2-deoxy-D-[1-
14 C] glucose (2DG) was allowed over 10 min at room 186 temperature as described previously (Zoidis et al., 2012). In brief, monolayers were washed at 187 room temperature with 1 ml transport buffer containing 140 mmol/l NaCl, 5 mmol/l KCl, 1 188 mmol/l MgCl2, 1.5 mmol/l CaCl 2 , and 15 mmol/l N-2-hydroxyethylpiperazine-N-2-189 ethanesulfonic acid (HEPES, adjusted to pH 7.4 with Tris-HCl). Uptake studies were initiated 190 by adding 1 ml of transport buffer containing 0.1 mmol/l cold 2DG and [1-
14 C]2DG (0.2 191 M A N U S C R I P T
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Cystatin C in 3T3-L1 (pre)adipocytes µCi/ml). Ten minutes later, the buffer was removed and the dishes were quickly rinsed three 192 times with 1 ml of ice-cold transport buffer. The cells were then solubilized with 1 ml of 2% 193 w/v sodium dodecyl sulfate (SDS), and the radioactivity of a 0.5 ml aliquot was measured in a 194 liquid scintillation counter. 195
Protein content was determined in parallel in identically treated dishes. After 11 days 196 of culture (of which six days in serum-free medium and the last four days in test medium), 197 cells from parallel dishes were lysed into 1 ml of 0.1% w/v Triton X-100 for the 198 
Tissue distribution of CysC in mice 254
Tissue-specific expression of CysC in mice was assessed in organ protein extracts by 255
Western blotting and ELISA (Figure 2) . 256
Immunoblots revealed significant differences in CysC expression among tissues analysed and 257 a representative blot is shown in Figure 2A 
Differentiation of fibroblasts (day 3) to adipocytes (day 11) was confirmed by 277 assessment of actin, Pref-1 and PPARγ (1 and 2) expression. After differentiation of our cells 278 from fibroblasts into adipocytes, actin expression was decreased, and Pref-1 was no longer 279 detectable ( Figure 3A) . PPARγ 1 and 2 were upregulated, and the abundance of CysC protein 280 was higher in adipocytes than in fibroblasts. 281
In order to further characterize our 3T3-L1 cells, we also assessed responsiveness to 282 insulin and GH by measuring activation of corresponding signal transduction components and 283 glucose uptake. As shown in Figure 3B , fibroblasts and adipocytes were both responsive to 284 insulin and GH. As expected, GH increased p-Stat-5a/b and p-ERK1/2, insulin increased p-285
Akt/PKB and p-ERK1/2. Basal and 1 nM and 100 nM insulin-stimulated 2DG uptake were 286 assessed in 3T3-L1 adipocytes. GH, T 3 , and dex were included for the last 4 days of culture 287 (according to protocol in Figure 1A ). GH did not significantly affect basal but decreased 288 insulin-dependent 2DG uptake. T 3 stimulated basal and insulin-dependent 2DG uptake. Dex 289 tended to increase basal 2DG uptake, but had no significant effect (Table 2) . 290 291
Effects of GH, T 3 , and dex on CysC production in 3T3-L1 adipocytes 292
The production of CysC was studied in 3T3-L1 adipocytes by ELISA and results are 293 shown in Table 3 CysC due to exposure to GH and T 3 were small and reached significance only after 4 d. 305
Levels of CysC in supernatants after 4 days were far higher than in cell layers: 20 times less 306 of the conditioned supernatants resulted in comparable signal intensities as seen with cell 307 layer lysates ( Figure 4B ). These findings with Western blotting agree well with results 308 obtained by ELISA as presented in Table 3 . In cell layers, similar levels of CysC were found 309 at 6 h, 1 d, and 4 d. No difference in migration of CysC from cell layers or supernatants was 310 found. As shown in Figure 4C , inclusion of GH resulted in marked phosphorylation of Stat5 311 both after shorter and longer exposure times. GH did not affect phosphorylation of Akt/PKB 312 or ERK1/2. 313
Regulation of CysC production by GH and T 3 was dose-dependent (Table 4A) . Cells 314 were cultured in the absence or presence of increasing hormone concentrations for 4 d and 315
CysC was determined in culture media by ELISA. 10 nM of GH or at least 1 nM of T 3 were 316 required to achieve a significant stimulation of CysC of up to 1.4 fold. Furthermore, GH and 317 T 3 when present in combination resulted in an additive increase in CysC (Table 4B) . suggesting that production and secretion by far exceed degradation (or uptake) of the protein 341 in this cell culture system. Culturing the cells under serum-free conditions allowed us to test 342 the effects of T 3 , GH and insulin without interference by other FCS-contained hormones. To 343 avoid variable residual serum effects, the experiments addressing actions of GH and T 3 shareM A N U S C R I P T
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Cystatin C in 3T3-L1 (pre)adipocytes protein content of cell layers was determined in every experiment, and only wells with similar 346 protein content were used to exclude possible unspecific effects. 347
Western analysis revealed CysC in cell layers and in supernatants at day 3 and at day 348 11; in all cases, CysC appeared to have the same molecular size (Figures 3 and 4) . According 349 to our experience, quantification of CysC by ELISA was more precise than semiquantitative 350 estimation by Western blotting. Nevertheless, findings by ELISA and Western analysis were 351 in excellent agreement, and the latter corroborated the identity of the assessed protein and the 352 reliability of our data. 353
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